The analysis of the carbon isotopic data available from the literature evidences in favor of the significant effect of salinity on plant and photosynthesizing alga biomass. The nature of this effect is explained in terms of oscillation model of carbon isotope fractionation in photosynthesis. The data interpretation and conclusions are compared with those obtained from commonly adopted steadystate model of carbon isotope fractionation in photosynthesis. It is shown that the first model gives a new explanation and substantiation on the causes of different response of carbon isotope ratio of glycophyte (salt-sensitive plants) and halophyte (salt tolerant) plant biomass to salinity change. A new explanation for inversion of carbon isotope effect sign in C 4 -plants in response to salt stress is given. Under salt stress due to the increase of CO 2 leakage from bundle sheath back to mesophyll cells the isotope fractionation in C 4 -plants becomes similar to that in C 3 -plants, i.e. the contribution of isotope fractionation in RuBP carboxylation grows up and results in 12 C -enrichment of biomass and inversion of isotope effect sign as well.
Soil salinity results in the reduction of CO 2 assimilation rate, hampers plant growth and finally leads to a decrease of agricultural yield (Guyetal., 1988; Wingler et al., 2000) .The variation in plant responses to salinity was also found (Kuznetsov, Dmitrieva, 2005) . That is why the study of the relationship of "salinity vs carbon isotope ratio of plant biomass" is of considerable interest.
The salinity effect on carbon isotope ratio of plant biomass can be observed in lab experiment as well as in nature. It is observed in various types of plants, from alga to higher plants. (Kalinkina, Udel'nova, 1990 Neales et al., 1983; Poseetal., 2000) . Fig.1 illustrates a distinctive natural correlation between total tissues of Puccinellia nutalliana leaves collected along the salinity gradient (Alberta, 13 July 1979) . Soil water potential at 10 cm at the sampling time is also presented (Guy et al., 1986) .
The close practically linear correlation between osmotic potential of feeding solution (salinity) and δ 13 C values of leaf biomass in Salicornia europeae subsp. Rubra and Puccinellia nutelliana ( Fig.2 a and b ) stimulated detailed examination of the salinity effect on the carbon isotope ratio of C 3 -plants (Guy et al., 1980b) .
It was found experimentally that all the above mentioned plants become enriched in 13 C with salinity increase (Smith, Epstein, 1970; Guy et al., 1980; Farquhar et al., 1982) . For example, carbon isotope composition of leaf biomass of Disphyma clavellatum (Aizoaceae family) changed from -26.1 to -20.0‰ as the salinity in the root environment increased from 0 to 500 mole/м 3 (Neales et al., 1983) .The same was observed in the leaves of Plantago maritime L.
13 C -enrichment was followed by a decrease in CO 2 assimilation rate and in stomatal conductance despite the high CO 2 concentration (Р i ) in the leaf (Flanagen, Jefferies, 1989) .
Among the plants there are salt tolerant and salt sensitive species. The first are known as halophytes and the second as glycophytes. Both species differ in carbon isotope composition. The difference is in the strength of their carbon isotope composition response to the salinity change.
The response that is typical for glycophytes is much stronger as compared with halophytes, i.e. they get enriched in 13 C more. In the Fig.3 , the carbon isotope composition study for Puccinellia nutalliana, referred to glycophytes, are compared with Salicornia europaea referred to halophytes. As follows from the Fig.3 the slope of the line for Puccinellia nutalliana is notably greater than that for Salicornia europaea. The question is how to explain the above difference.
A number of plants with various tolerance to salinity (Chenopodium rubrum, Hordeum jubatum, Sonchus arvensis, Triglochim martimum, Disphyma australe) have been investigated (Guy et al., 1988) . It was found that all the curves representing the above relationship for the studied organisms are in the interval confined with the curves describing Puccinellia nutalliana and Salicornia europaea.
Soil salinity effect
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Thus, many C 3 -plants show linear correlation of carbon isotope composition vs salinity or close to it under lab studies. In the field the linear correlation is not always observed and the salinity impact becomes apparent only at the high salt concentrations (Guyetal., 1993). Probably, it is explained by the variability of response mechanisms to salinity growth.
The next fact needed to be explained what is the reason for the observed significant difference of carbon isotope composition of С 3 -and С 4 -plants in response to the salinity increase. It was noticed that the response of C 3 -plants was stronger than that of C 4 -plants and the former approached their carbon isotope composition under salt stressto theδ 13 C valuestypical to the latter. Some investigators have explained this fact by a replacement of carbon isotope effect of RuBP carboxylation, which is great (27‰), with a smaller isotope effect of PEP carboxylation (2 -4‰). But Neales et al. (1983) did not find any traces of C 4 -pathway in C 3 -plant Disphyma clavellatum (Aizoaceae) under salinity stress.
Very interesting results illustrating salt stress impact on carbon isotope composition and alga metabolism were obtained in the experiments of colleagues (1981, 1991) . They have disclosed that salinity caused with holding Chlorella pyrenoidosa and Chlorella stigmatophora biomass growth and resulted in the accumulation of proline and glycolic acid that are photorespiration products (Kalinkina & Naumova, 1992) . Udel'nova (1990, 1991) have found that salt stress was followed by 13 C biomass enrichment in Chlorella stigmatophora Butcher. All the facts indicated the intensification of photorespiration in alga.
The same traits have been observed in C 3 -plants (Dolichos biflorus L. and Cicer arietinum L.) by Nigаweker et al. (1991) . The activity of glycolateoxidase, the key photorespiration enzyme, grows up in parallel with the accumulation of glycolate, glycine, succinate, and some other organic acids.
Thus the alga and plants reveal the link between photorespiration and their response to salt stress. The 13 C enrichment of biomass reflects this link. Let us see, how different existing models explain the impact of salt stress on carbon isotope fractionation. First we examine the phenomenon within the frames of widely known steady-state model of carbon isotope fractionation in photosynthesis (Farquhar et al, 1982) . Steady-state model in a simplified form may be presented as follows:
(1) where Δ- 13 Сisotope discrimination in photosynthesis, а -carbon isotope effect by diffusion equal to 4‰, b -carbon isotope effect in RuBP carboxylation equal to 29‰, p i / p a -is the ratio of СО 2 partial pressures in the leaf and environment. According to the model all the processes in a cell proceed simultaneously and in a stationary flow. Carbon isotope enrichment of biomass with 13 С may occur due to two reasons: 1) the increase of diffusion contribution into 13 С -
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discrimination; 2) the decrease of subcellular СО 2 partial pressure in a leaf (p i ).
As a result the second term on the right side of the equation (1) grows down. Most of the investigators tend to think that salinity, causing stomatal closure, results in the 13 Cenrichment of C 3 -plant biomass by means of the increase of diffusion contribution.
Another point of view claims the oscillatory mode of photosynthesis (Ivlev 2010; 2012) . One phase of oscillation is CO 2 assimilation, the secondis photorespiration. Since the oscillations are under the control of Rubisco which is capable to function as carboxylase as well as oxygenase the first phase was named as carboxylase phase, the second as oxygenase phase. Carbon isotope fractionation occurs in each of them.
In carboxylase phase it occurs during RuBP carboxylation and results in 12 С enrichment of biomass relative to carbon isotope composition ofСО 2 assimilated. The enrichment (isotope discrimination) is described as follows:
where Δ is 13 
In oxygenase phase the G6P, left after the carboxylase phase, is subjected to carbon isotope fractionation. The fractionation occurs in glycine dehydrogenase reaction. As a result of the fractionation the portions of biomass, formed in photorespiration, become enriched in 13 С relative to the initial substrate. The enrichment becomes greater as far as respiration becomes more intensive (with the number of substrate turns in photorespiratory loop).
The 13 С enrichment of biomass formed in photorespiration (relative to the G6P entered from carboxylase phase) may be described as follows:
( 1 + Δ 1 10
where Δ 1 is 13 С enrichment of biomass formed in photorespiration
α 1 is carbon isotope fractionation in glycine decarboxylation resulting in 13 С enrichment of the product relative to the substrate G6P left after carboxylase phase. F 1 is an extent of utilization of carbon entered into photorespiratory loop.
Thus, in carboxylase phase biomass accumulates 12 С isotope, whereas in photorespiration it looses 12 С (accumulates 13 С). By the other way, Δ and Δ 1 are the isotopic shifts arising in carboxylase and oxygenase phase and having opposite signs relative to CO 2 assimilated.
Taking the above in mind, it should be concluded that 13 С enrichment of biomass might be caused by two possible reasons: 1) 13 С isotope discrimination becomes smaller under the salt stress in carboxylase phase; 2) 13 С-enrichment of photorespiratory products during photorespiration grows up.
Both reasons might affect biomass simultaneously. The 13 С enrichment may be a result of closure of stomata during the decrease of osmotic potential. It leads to the increase in F value according to equation (3) . It might arise because of more intense photorespiration under the salt stress. The analysis of equation (4), according to Melander and Saunders (1983) , shows that the more the F value is (more intensive photorespiration), the more the biomass, formed during the photorespiration, becomes enriched (Δ 1 grows) in 13 С. We argue that the reason causing 13 С enrichment of biomass under salt stress by stomata closure is typical for halophytes. The second reason causing 13 С enrichment by intense photorespiration is characteristic for glycophytes.
In fact, these two types of C 3 -plants have different pattern of osmotic adjustment to the salt stress (Guy et al., 1993) . The glycophytes, in order to maintain low osmotic potential of cells relative to the environment, have to synthesize organic osmolites (small organic molecules such as proline, glutamine, Δ ' -aminoacetonitryl, glucose, sucrose, some other labile carbohydrates) that are concentrated in vacuoles (Guy et al., 1993) . The considerable part of the fixed carbon is used for their synthesis. Hence salt stress causes the intense photorespiration in glycophytes associated with the organic osmolite synthesis occurring in the photorespiration loop.
The halophytes also synthesize these molecules, but to a much lesser extent, than glycophytes, since inorganic ions are mostly accumulated in their vacuoles. That is why the former have less intense photorespiration, than the latter. As a result, glycophytes have a more pronounced response to salinity as compared with halophytes.
Glycophytes and halophytes are the extreme cases of osmoregulation. There are other plants with intermediate type of osmoregulation, which are described with correlation lines having intermediate angles of slope.
Another group of facts is linked with the response of carbon isotope composition of С 4 -plants to salinity. It was found that salinity exerts much less impact on C 4 -plant biomass, than on C 3 -plant biomass. Moreover, at high salt concentration the inverse effecton biomass of С 4 -plants is observed, i.e. the biomass of С 4 -plants becomes enriched with 12 С isotope with salt stress increased severity. The positive correlation between salinity level and 13 С carbon isotope discrimination was observed in the study of the С 4 perrenial shrub Atriplex confertifolia grown along a salinity gradient (Sandquist, Ehleringer, 1995) To explain the response of С 4 -plants to salinity let us draw the attention to the differences in CO 2 assimilation in C 3 -and C 4 accounts for carbon isotope effect of PEP carboxylation arising in primary CO 2 assimilation from the atmosphere, Ψ characterizes the leakage from mesophyll cell where RuBP carboxylation takes place.
Ehleringer and Pearcey (1983) have assumed that when the CO 2 leakage is insignificant the negative correlation, as in С 3 -plants, takes place. When the leakage becomes greater the inversion of isotope effect sign occurs. They also suggested that salt stress is the main reason for leakage reinforcement. In case of great leakage the contribution from RuBP carboxylation exceeds the contribution from PEP carboxylation causing the inversion.
Quite different interpretation may be done within the frame of oscillation concept. The thing is that because of anatomical features of C 4 -plants, providing considerable refixation of respired CO 2 , isotope effects both in CO 2 assimilation and in photorespiration are greatly reduced. We consider that effect of CO 2 assimilation is provided mainly by the RuBP carboxylation whereas isotope effect in thePEP carboxylation is negligible as compared with the first. Moreover, carbon isotope effect in RuBP carboxylation in C 4 -plants is small because of the F value in equation (2) , is close to 1 (as a result of CO 2 refixation) and δ 13 С biomass →δ 13 С со2 . Under salt stress the leakage in C 4 -plants increases and results in the decreaseof F. Hence, carbon isotope effect grows up since isotope fractionation gets closer to that in C 3 -plant. It leads to opposite relationship of carbon isotope composition of biomass and salinity (Bowman et al., 1989) .
One more example of oscillation concept applicationcan be illustrated by the interpretation of different response of old and young leaves to salt stress. It is known that salinity has different effects on old and young tissues (Munns & Tester, 2008) . Salt stress affects growth and Na + accumulation in the old and young leaves (Nakamura et al., 1996 ; Ashruf& O'Leary, 1997; Yasar et al., 2006) . To protect young leaves the plant reduces the concentrations of Na + and Cl -ions and vice versa increases them in old ones up to the critical level. The study of the leaves in rice plants (Oryza sativa L.) shows that in old leaves Na + ions intensify photorespiration by gene expression activation that results in the increase of glycine dehydrogenase reaction rate (Wang et al., 2012) . In young leaves, on contrary, Na + ions reduce expression of the indicated genes. If it is so, than one could expect that old leaves biomass should be enriched in 13 С in relation to that of young leaves. The study of the carbon isotope composition of leaf biomass in Bryophyllum daigremontianum Berger along the stem has shown that the old leaves are in fact enriched in 13 C in comparison to the young ones. However, following the logic of steady-state model, the authors ascribe it to a greater contribution of PEP pathway in CO 2 assimilation. The oscillation concept, as said before, explains it by 13 C enrichment in photorespiration which is greater in old leaves thereby confirming data of Wang and others (2012) and their interpretation.
Conclusions.
1. The analysis of carbon isotope data shows that steady-state and oscillation carbon isotope fractionation models provide different explanations of the salinity effect on carbon isotope composition of plant biomass 2. According to oscillation model, different mechanisms of adaptation strategy of glycophytes and halophytes to salinity are determined by their different response to salt stress. Glycophytes use small organic molecules as osmolites that enhance their photorespiration more intensive and their carbon isotope composition of biomass more sensitive to salt effect. In halophytes, mainly inorganic ions, are used as osmolites. This adaptation strategy makes them less sensitive to salt concentration increase. 3. The inversion of carbon isotope effect sign in response to salinity in C 4 -plants as compared with C 3 -plants is explained by the increase of CO 2 leakage from mesophyll cells to bundle sheath cells that makes the fractionation in C 4 -plants closer to fractionation in C 3 -plants 4. The 13 C-enrichment of old leaves biomass as compared to young ones confirms the assertion that variation in the adaptation of old and young leaves to salt stress is connected with the activation of gene expression responsible for photorespiration in old leaves and by reduction of corresponding gene expression in young leaves. 
